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YAW CHARACTERISTICS AND SIDEWASH ANGLES OF A 42° SWEPTBACK
CIRCULAR-ARC WING WITH A FUSELAGE AND WITH LEADING-EDGE
AND SPLIT FLAPS AT A REYNOLDS NWMBER OF 5,300,000

By Reino J. Selmi and James E. Fitzpatrick
SUMMARY

An investigation of the low-speed aerodynamic characteristicse in
yaw of a 42° sweptback wing of circuwlar-arc alrfoll sectlons was
conducted in the Langley 19~foot pressure turmel. The wing had an
aspect ratio of 3.0k4, taper ratlo of 0.625, and neither dilhedral nor
twist. The tests were made at a Reynolds number of 5,300,000 and a
Mach number of 0.1l and included the effects of leadlng~sdge flaps
and split flaps end of a fuselage with the wing mounted in high and low
posltions.

The results of the tests chowed that the dihedral effect of the
plain wing was meximum at a 1ift coefficlent of 0.35 and was negative
for 1ift coefficlents sbove 0.60. Deflection of the split flaps caused
the effective-dihedral parameter to remain falrly comstent throughout
the 11ft range at = value of about 0.002, but an slmost linesr Increase
with incressing 1lift occurred when both the leading-edge flaps and
split flaps were deflected. TIn generzl, the fuselage Increased the
dihedrel when the wing was In the high pomitlon and decreased the
effective dlhedral when the wing was In the low position. With the
flaps neutral, however, the fuselage effect was reversed except in
the low 11ft range. A rapld increase in the dlhedral effect occurred
at maximum 11ft for all meodel configurations except for the wing alone
when the 0.55-semispen leadlng-~edge flaps and spllt flaps were deflected.

The plain wing had neutral directlonal stebility with flaps neutral
up to & high 1ift coefficlent where it becams umstable, but the
directional stabllity increased with increasing 1ift up to mexiwum 1ift
for all flep configurations., The fuselage added a destabilizing increment
of about 0.001 to the directionsl-stebllity perameter for all flap
confilgurations and wing positions.

A comparison of the circular-arc wing with a wing of NACA 6&1-112

sections indicated that, whereas the circular-src wing showed & rapid
decrease in effective dlhedral above a 1lift coefflicient of 0.35, the

6l-geriss wing showed a continual increase in effective dihedral up to

- I . peetFiED
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maximm lift. With leading-edge fleps there was negliglble difference
in the varlation of effectlive dihedral with 1ift coefficlent for the

two wings.

The results of the alr-stream surveys showed that a vertical tall
end dorsal fin would be more effective on a low-wing alrplane of thls
type than on a corresponding high~-wing airplene.

INTRODUCTION

Superscnic alr-flow theory indicates the practicebility of using
wings with large angles of sweep and sharp-edged alrfoll sectlions for
flight at sgpeeds above the speed of sound. In the low-speed range close
to maximm 1ift, the stabllity of swept-wing aircraft cannot be adequately
evaluated from exlsting theorles and, consequently, experimental means
of determining their characteristics must be used. Investligations were
therefore made in the Langley 19-foot pressure tumnel to determine the
eserodynamic characteristics of a 429 sweptback wing of symmetrical cilrcular-
arc alrfoll sectlons at a Reynolds nmumber of 5,300,000 and Mach number
of 0.11. The longitudinal characterlistics of this wing are presented in
reference 1. This paper presents the serodynamic characteristics of the
wing in yaw and, also, shows the effects of various wing flaps and of a
fuselsge on these cheracterlstics with the wing mounted at high and low
posltione. In order to acquire informetion concerning the effectlveness
of a vertlcal tail on a swept-wlng airplane, air-siream surveys were made
to determine the sidewash engles and dynamic-pressure ratlios in the region
of a vertical tall.

A comparison 1s shown of the lateral-stabllity parameters of the
circular-arc wing and s wing of nearly identical plan form but employing
NACA 6&1—112 airfoil sections.

COEFFICIENTS AND SYMBOLS

The data are referred to & system of axes shown in figure 1, All
moments for the wing-~fuselage combinations are referred to the assumed
center of gravity, which ls located on the fuselage center line and in
2 plene normal to the fuselage center line that passes through the
guarter-chord polnt of the mean aerodynamic chord. The piltching-moment
data for the wing alone are referred tc the quarter-chord point of the
mean serodynamic chord proJected to the plane of symmetry. Standard
NACA symbols ere used, which are defined as Ffollows:

e, 1ift coefficient (Lift/q3)

CL maximum 11ft coefficlent
mex
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Lift =

H o &E N K Mod

a

drag coefficient (D/qS)
longitudinsl-force coefficient (X/gS)
lateral-force coefficient (¥/qS)
rdlling-moment coefficient (L/qSb)
pitching-moment coefficient (M/qSc)
yawing-moment coefficient (N/qSb)

rate of change of rolling-moment coefficlent with angle of
yew, per degree (3C, ¥)

rate of cﬁange of yawing-moment coefficlent with angle of
yaw, per degree (acn/aﬂ

rate of change of lateral-force coefficlent with angle of
yaw, per degree (BCY/a\I')

Z

drag, -X at zero yaw

longltudinal force

lateral force

vertical force

rolling moment

pitching moment

yawing moment

angle of attack of chord line measured in plene of symmetry
engle of yaw, positive when right wing is back

sidewash angle, sngle between direction of alr flow and tumnmel
center line measured in XY-plane, positive when angle of

attack at vertical taill is decreased

/ 1.2
average sidewash angle J o d.h)
0.2

wing area

tall area
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Mean a.erodynamic chord (M AL ), meagured parallel to plane

of symmetry <-§- j\b/e )

ol

c local chord parsllel to plane of symmetry

b wing span

y gpanwise coordinate

qa free~stream dynamic pressure <%OV2>

qy dynemic pressure at tail

v free-stream veloclty

[} mass denslty of alr

R Reynolds number {pVc/u)

o coefficlent of viscosity of alr

M Mach number (V/a)

B veloclity of sound

h height aebove fuselage center line, fractlon of M.A.C.
1 longitudinal distance from center of gravity to center of

pressure of vertical tell

(4, rate of change of yawing-moment coefficient with angle of

\ i yaw, due to vertlical tail

/aCy,

T ‘1ift-curve slope of vertical tail
t

APPARATUS AND TESTS

Model

Filgure 2 shows the detalls of the model. The wing has a sweepback
angle of 42.05° along = line joining the leading edges of the root chord
and the theoretical tip chord. The sspect ratio 1s 3.94 and the taper
ratio, 0.625. There 1s no geomstric dlhedral nor twist. The airfoil
sections normal to the line of maximum thicknees are symmetricel clrcular-
arc sections having a maximum thickness of 10 percent at the root and
6.4 percent at the tip. A constant radius of 83.26 inches was maintained



NACA RM No. LTI30 5

for all sectlons, messured in planes normal to the line of maximum
thickness. The leading and trailing edges are therefore parts of an
ellipse, with the meximum deviation being O.k Inch from a straight line
Joining the leeding edges of the root and tip chords. The wing thickness
messured in planes parallel to the pleme of symmetry is 7.9 percent at
the root and 5.2 percent at the tip. The wing was machined from solid
steel and was lacquered and sanded to an aerodynamically smooth surface.

The Tuselage has a clrcular cross section tgpering to a polnt at
each end and has a fineness ratio of 10.2. The maximm dlameter, which
is constant at the wing intersection, 1s equasl to 40 percent of the
wing chord (measured at the plene of symmetry). The center portion of
the fuselage has removable blocks to permit the mounting of the wing st
various helghts from the fuselage center llne. The fuselage was made
from laminated mshogany and was lacquered end sanded smooth.

The leading-edge flaps wers fabricated from sheet steel on
which %-inch—dia.meter steel tublng was welded to form a rowmnd leading

‘edge. (See figs. 3 end 4} The flaps had a constant chord of 3.80 inches

normal to the leading edge of the wing and were deflected down 37°,
measured in a plane normal to the leading edge of the wing. Two flap
spans were used, extending from 27.9 percent semispan and L42.5 percent
semispan to 97.5 percent semispen.

The tralling-edge split fleps were made from sheet aluminum and
extended over the Inboard 50 percent of the wing. The inboard 12.5 percent
of the split flaps were removsble to permit flap deflection with the
wing mounted on the fusslage In the high wing position. The split flaps
were deflected 60° from the wing lower surface as measured in a planse
normal to the flap hinge line. The flsp chord was 20 psrcent of ths local
wlng chord.

A streamlined fairing was used to cover the support-strut fittings
near the tralling edge of the wing center section, and a smell fairing
(fig. 2) wes required for the wing-fuselage combinations. A photograph
of the model mounted in the turmel is presented in figure L.

Testa

Six~-component force tests were made in the Langley 19-faoot pressure
tunnel with the model mownted on a single support (fig. 4) which permitted
changes In both the angle of attack and the angle of yaw. The test
Reynolds number was 5,300,000, and the corresponding Mach number was 2.11.

Tests of the wing-alone and the wing-fuselage combinetions were made
with the flaps neutral and with the two leeding-edge flaps in conjuction
with deflected split fleps. Wing-alone testa were also made with only the
gplit Tlaps deflected.
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The static-stabllity derivatives were obtalned from tests through
the angle-of-atteck range at 0° and 150 gngle of yaw, end the character-
igtics in yaw were found from tests made at constant angles of attack
with the angle of yaw varying from -50 to 20°.

The air-stream surveys were made with the 1G-foot-pressure-twinel
reke (figs. 56a) and 5(b)) at the locations shown in figure 5(c). The
survey plane was always perpendicular to the tunnel center line regardless
of the model angle of attack. Sidewash angles and dynsmic-pressure ratios
at the tall were measured at two angles of attack for the wing alone with
flaps neutrsl end with the 0.55’; leading-edge flapse in conjunction with

split flaps, deflected. Surveys were made atbthree engles of attack for
the wing-fuselage combinations with the 0.55 = lesding-edge flaps and split

flaps deflected and at two angles of attack with the flaps neutral.

Corrections to Data

The 11ft, drag, and pltching-moment data presented herein have been
corrected for support tare and interference effects end for elr-stream
misalinement. The Jet-boundary corrections to the anhgle of attack and
drag coefficlient were calculated from reference 2 snd are as follows:

Ao, = 1.00CT,

A, = 0.01520L2

D

The correction to the pltching-moment coefficient dus to turmel-
induced distortions of the wing loading is

KLy = O.OOhCL

No Jet-boundary correctlions were applied to the rolling-moment,
" yawing-moment, and lateral-force coefficients.

All corrections were added to the data.
RESULTS AND DISCUSSICON

The zngle of attack, drag coefficlent, end pitching-moment coef-
ficlent are plotled againgt 11f% coefficient for the plain wing with all
flap configurations and are presented in figure 6. The stability

peremeters Ciy, Cn,, and Cy, are given as functions of 1ift coef-
ficlent in figures 7 and 8. The results of the exitended angle-cf-yaw
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tests are presented in figures 9 and 10. Figures 11 and 12 show the
~results of alr-stream surveys in the reglon of the vertical tail.

At the mayxlmum l1ift coefficlent for the plain wing wilith 0.70 :5

leading-edge flaps, the breek in the pitching-moment curve (fig. 6(a))
is opposite to that obtalned In reference 1. The stall progresslon
obtained with the 0.70 g flaps {reference 1) would not greatly affect

the pitching moment unless some external disturbance caused the root
or tip stall to be more severe. This change in the pitching~moment
characteristics may be caused elther by some dlfference in test setups
or by the degree of smoothness of the wing~-flap Jjuncture. The 0.55 5

flap tests do not exhibit this change in the pitching-moment characteristics.

Lateral-Stability Parsmeters of Plain Wing

Dihedral effect.- The effective-dihedral paremster Cj ¥ of the plain

wing increased with increasing 1ift coefficlent (fig. 7(a)) to a value
of Cy ¥ = 0.00095 at a CL of 0.35 and then decreased %o zero at a

Cr, of 0.60, beyond which it decreased to & minimum value of ~0.00210 at
a Cp of 0.8;. The decrease in C,, may be assoclated with the early

tip stalling (reference 1) which, as indicated by stall studies of =
slmllar wing in the Langley full-scale tunnel, sterts on the leading wing.
Near the maximum 11ft coefficient, a rapld increase In C3 v occurred.

These same stell studies showed that the trailing wing remsined relatively
gtall free to a very high angle of attack end a simlilar tendency on the
wing of the present dlscussion would ceause a rapld Incresse in Cz*

when the tralling wing finally stelled.

Directional stabillty and lateral force.~ The plain wing hed neutrsl
dilrectional stebillty throughout the 1ift range except for 1lift coef-
ficlents sbove 0.73 where the positive valuss of C showved the wing to

be slightly unstable. The lateral-force peremeter CY* of the plain

wing increases slightly with 1ift =nd hes & maximm value of 0.0018.

Effect of Wirig Flaps on Lateral-Stabllity Parsmeters

Dihedral effect.- Figure 7(a) shows that with only the split flaps
deflected the values of Cz* remained falrly constant at a value of

about 0.0020 1In the range of moderste 1ifts but decreased in the high
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11ft range. When the leading-edge flaps were used in conJunction with
the split flaps, C, increagsed with 1lift coefflclent to values

of 01* of 0.0059 for the 0.70 g leading-edge flaps. This variation
in CI* with CL cen be explained by the tuft studies of reference 1,

which show that the leading-~edge flape delayed the tip stall to high
sngles of attack.

Directional stabiliiy and lateral force.- For all flap configurations
the wing was directionally stable throughout the 1ift range and C was

approximately equael for all flap configurations at corresponding 11ft
coefficients. A decrease in stabili:gy occurred near the maximum lift,
however, particularly with the 0.70 3 leading-edge fleps, although

positive values of Cn* did not occur at the highest angle of attack

tested.
The lateral-force parameter C.! remained at a fairly constant
¥
value of about 0.001 through the 1ift range up te O .

Effects of a Fuselage on Lateral-Stability Parameters

Dihedral effect.~- The effects of a circular fuselage on the variation
of the effective-dihedrel paremeter C, with 1ift coefficient are shown

in figure 8. In the flaps neutral condition, the high-wing combination
showed greater effectlive dilhedral than the wing alone for values of CL
below 0.35, but at values of CL greater than 0.35, the values of C'L

¥
for the high-wing combination were less posltlve then those for the wing
elone. The effective dihedral of the low-wing combination was negative
at 1ift coefficients below 0.18 but had an almost constant low positive
velue in the range of O from 0.18 to 0.76. This variation of C,
with CL contrasts with that of the high-wing combination and the w!ng
alone which showed a rapid decrease in cz with incressing CL‘ The

effects of the fuselage were similer to those ohserved for low-wing models
of reference 4.

When the 0.55 ;3- leading-edge flaps and 0.50 g split flaps wers
deflected, the high-wing combination had more positive values of Cy

than the plain wing except for 1lift coefficients above l.lg. No deta

were obtained for the high-wing combination with the 0.T70 = leading-edge
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flaps. The low-wing combination had lovwer effective dihedral throughout
the 1ift range than the plain wing for both leading-edge flap spans.

A reduction in Cz* near Gy and then a subsequent repid
incresse was evident for all combinetions regardless of flap deflection.

Directional stabillty and lateral force.- The wing-fuselage combi-
nations had values of C.D* of about 0.001 more positive than the wing

alone, for all flap conditlons. The lateral~force parameter Cy of

¥
the wing-fuselage combinations is more posltive than that for the wing
alone. The low-wing combination hed irregular varlations of CY in the

¥
high 1ift range when the leading-edge flaps were deflected.

Comparison with KACA 6h1-u2 Wing

Dihedral effect.- A comparison of the latersl~-stebllity derivatives
of the wings with circular-arc sections and NACA 64, -112 sections

(reference L) ism given in figure 7(b). At a Reynoldis number of 5,300,000
and with the flaps neutral, the NACA 6k,-112 wing had an almost linear

increase in dlhedral effect with 1r}crea.sing 1ift coefficient up to GI .

The dihedral effect of the circular-arc wing, however, reached only a
smell positive velue at g CI. of 0.35 and then decressed rapidly. At

& Reynolds number of 1,720,000, the varlatlon of Cz* with Cy with

flaps neutral for the NACA 61+1-112‘ wing was somevhat similar to that of

the circular-arc wing. There was a negligible difference in the
veriation of C,, with C; for the two wings at a Reynolds number

of 5,300,000 when the leading-edge flaps and split flaps were deflected.

Directional stabllity end latersl force.- With flaps deflected, the
directional stabllity of the two wings was about egqual at a Reynolds
number of 5,300,000. With flaps neutral, however, the NACA 61{-1-112 wing

wag directionally stable whereas the circular-arc wing hed neutral
directional stability. At the lower Reynolds number, however, the
6Lh-series wing wes also neutraily stable up to moderate 1ift coefficilents.
The circular-arc wing had somevhat more positive values of Cy then

the WACA 614-1-112 wing. The destablllizing effect of the fuselage was
similar for both wings.
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Charscteristlics In Extended Yaw Range

Tegts through a yaw renge of -5° to 20° angle of yaw, showed that
the greetest effect due to yaw occurred on the yawing moment of the
low-wing combination (fig. 10) at an angle of attack of 17.4°. With the
leading-edge flaps and split flaps deflected, a change from a stable
(negative) slope to an unstable slope occurred at angles of yaw of 5°

for the 0.55 2 flaps and ¥ = 8° for 0.70 3 flaps. The plain wing

(fig. 9) had a change in the variation of rolling moment with angle of
yaw at a yaw angle of 10° for a = 1k, 8°. when the curve chenged from an
unstable (negative) slope to a positive slope.

Alr-Flow Chareacteristics in the Region of a Vertical Taill

Figure 7 and reference 4 show that, in general, an isolated
gweptback wing is directionally stable below the stall. A comparison of
figure 9 with figure 10, however, shows that the directional instability
of the fuselage 1s great enough to make the combinatlion unstable. A
vertical tail is therefore necessary for directicnal stability on a
confliguration of this type. Information concerning the effectiveness of
a verticael tall may be obtalned from the sidewash angles and dynamic-
pressure ratlos. The dynamic-pressure ratios presented In figures 1l
and 12 show values somewhat greater than wnity in the region above the
weke .

Although dynamic-pressure ratics grester then unity have been
obgerved in the field of flow behind wing-fuselage combinations, the

values obtained in thils investigation appear somewhat greater than would
be expected.

The sidewash snglesz and dynamic-pressure ratios are related to
vertical~tall effectiveness by the following expression:

ACp 4Cr\ /. 3o\ 2t Sp
(‘grt'<da)t\ oF q_S-b

d
Although an exact value of (—dc—:) cennot be lmown without actual
t

vertical-tall tests because of tall-fuselage interference, the preceding
expression will give fairly accurate values if - of the 1solated

tall 1s used.

Under certain of the present test conditions, the flow angularity
was In excess of that for which the rake had been calibrated snd an
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extrapolation was necessary. A straight-line extrapolation was used
and the values of the extrapolated sidewash angles exre thought to be
accurate within ¥0.5°. The extrapolated values are designated on
figures 11 and 12 by dot-dash curves. These data have been corrected
for the slight varistions which may have occurred at zero yaw.

To facilitete the present discussion, the velues of sidewash
angles presented in figures 11 and 12 have been averaged and the average
values are given in table I. These sidewash angles have been corrected
for the sidewash angles at zero yaw.

Effect of wing vortex fleld .- Figure 12(a) represents sidewash angles
measured behind the wing alone. Even at the low a.ngle of attack (5.9°),
the average sidewssh at 15° yaw is as much as -1 .3°. At the higher angle:
of a.'b'ba.ck and at a va.lue of h of 0.7, the sidewvash angles were -2°
end -5° at ¥ = 10° and 15°, respectively. As there was no fuselags,
but only the wing with flaps, the flow angularity appears to be caused
by the vortex field of the wing as the wing was yawed; that 1s, the
vortices from the leading wing influenced the side fiow while those from
the trailing wing were carried downstresm. A previous side-flow lnvesti-
gation (reference 5) pointed out that the vortices associated with the
apan load distribution of the wing of conventionel sectlions and low sweep
made a practically negligible contribution to the sidewesh angle. However,
the present Investigation included tests of a wing of lower aspect ratio
and of circular-arc sections at higher 1lifts. The wing vortices were
thus stronger and cleocser to the survey plane.

At the high angles of ettack, the lower survey polnts were foumd to
be in the wake of the wing (fig. 12(a))} inasmuch as %j- suddenly decrezsed.

Effects of fuselage position.- The effect of wing-fuselage Interference
on the side flow at a vertical taill has been described in reference 3 and is
demonstrated by the air-stream surveys of reference 5. In reference 5,
fuselage was consldered to be a low-aspect-ratio serodynamic surface with
vortices ghed from the upper and lower surfaces when the fuselage was
yewved. These vortices produce a negative sldewash angle in the reglon of
a vertical tall when the fuselage is a2t positive yaw. With the wing in
the low position, however, the vortices shed from the upper surface of
the fuselage were stronger 1n thet the wing acted as an end plate, and they
were thus the principal fector in causing an angularity in the flow.
Consequently, the effect of Interference on the low-wing combination is
to cause a greater negative sldewash than that duwe to the fuselage alone,
end this fact ls substantlated by the results of reference 5. With the
wing in the high position the vortices from the upper surface are weakened;
hence the sidewash 1s less negative than for the fuselage alone.

The results of the present Investigatlon seem to verify the preceding
analysis. TFigures 12(a) and 12(b) show a close similarity of the sidewmsh
angles for the wing alone and for the high~wing combination. The inter-
ference thus appears to cencel the fuselage effect, and the sidewash
behind the high-wing combination is due a2lmost entirely to the wing-vortex
field described in the preceding section.
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On the other hand, ‘the large negative sidewash angles of the low- .
wing combination (figs. 11(b) and 12(c)) indicate that the combined
effects of the fuselage vortices and wing-fuselsge interference are
large. The greater negative sidewash angles behind the low-wing
combination would increase vertical-tall effectiveness but would cause
vertical-tail stall at lower angles of yaw. The average values

of =44 obtained were from -0.2 to -0.3 in the low-wing configuration
and from O to -0.1 in the high-wing combination.

The ~reagse of negative sidewesh near the fuselage in the low-wing
ct. Plguratic. (fig. 12(c)) would increase the effectiveness of a dorsal
fin _.n this configuration over that in the high-wing configuration.

Figures 12(b) and 11(a) indicate a sudden diminution in dynamic
pressure at the high angles of attack in the high-wing configuration.
From the geometry of the model attitude, the lower survey polnts are
seen to be in the weke of the wing, which has stalled near the root as
hes been previously pointed out. In the low-wing combination, however,
(figs. 11(b) and 12(c)) the survey points are mostly above the wing wake
end, consequently, the dynsmic pressure remains nearer the free-stream
value.

Effect of flap deflectlon.~ The influence of flap deflection on the
sldewash angles may be seen by referring to table I. A comparison of
average sidewash angles at approximately equal angles of attack with )
flaps deflected and flaps neutral in elther the high-wing or low-wing
configuration indicates that flaps cause & small decrement. This decrease
in sidewsash increasea with angle of yaw and with angle of attack to a
maximum of 1.5° at ¥ = 15° and o = 17.4°. The decrement in sidewash
is probably caused by changes in the span loading of the wing due to
flap deflection.

SUMMARY OF RESULTS

The results of an investigation of the aerodynamic charecteristics
in yaw of a 42° sweptback wing of circular-arc sections and of alr-gtream .
surveys In the reglon of a vertical tail may be sumarized as follows:

1., The dlhedral effect of the plain wing was maximum at a 1lift
cogfficient of 0.35 and was negative for 1lift coefficlents above 0.60.

2. Deflection of the split fleps caused the effective-dihedral
parameter to remain falrly constant through the 1lift range at a value
of about 0.002, but an almost linear increase with Increasing 1lift -
occurred when both the lsading-edge flaps and split flaps were deflected.
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3. TIn general, the fuselage increased the dihedral when the wing
was in the high poslition with flaps deflected and decreased the effective
dihedral when the wing was In the low position. With the flaps neutral,
however, this effect was reversed except in the low 1lift range.

4. A rapid increase in the dihedral effect occurred at maximum
1ift for all model configurations except for the wing alone when the
C.55-semispan leading-edge Tlaps and split flaps were deflected.

5. With flaps neutral the wing alone had neutral directional
stabllity up to a high 1ift coefficient where 1t became umstable, but
for all flap conflgurations the wing had increasing directional stebility
with increasing 11ft up to maximume 1ift.

6. The fuselage added a destabilizing increment of about 0.001 to
the directionel-stabllity parameter for all flap configurations and
wing positions.

T« Comparison of the characterlstica of the clrcular-arc wing
with those of & wing of NACA 6ly-112 sections showed that the circular-

arc wing had a rapld decreese in effective dlhedral with 1lift coefficient
above a 1ift coefficlent of 0.35; whereas for the NACA 6’4—1-112 wing, the

effective dlhedrel Iincreased continuously up to the maximum 1ift. With
leading-edge flaps, there was negligible difference in the variastion of
effectlve dihedral with 1ift coefficlent for the two wings.

8. The results of the alr-stream surveys showed that a vertical
tall and dorssl fin would be more effective on & low-wing airplane of this
type than on a corresponding high-wing airplane.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aercnautics

Langley Fileld, Va.
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TABLE T

AVERAGE STDEWASH ANGLES

c
Configuration o ¥ av
(deg) (deg) (deg)
Wing alone, flaps on 5.9 5 -0.3
10 -9
15 "l ¢3
15.3 5 3
10 9.1
15 2
Low wing, flaps on 3.6 5 -1.5
10 -2.6
15 =Lk
11 -1 5 -2 2
10 -3.1
15 '}'I- 05
l—{ o"!- 5 "l -Ll-
10 '3 o’-‘-
15 -6 .h-
High wing, flaps on 3.6 5 -
10 - -9
15 -1.2
11,1 5 -2
10 -.8
15 -2.2
17 .’-l' 5 - -3
10 -1.2
15 -2.0
Low wing, flaps off 5.4 5 =9
10 -2.3
15 -3 L
1k .9 5 -1.3
10 -2.9
15 -4.3
High wing, flaps off 5.4 5 -2
10 -7
15 -1.2
k.9 5 vel
10 -1
3-5 - -’-{-

" NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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Figure |.~ System of axes used. Arrows
indicate posifive arections.
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FLOELAGE  QRDINATES
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27.39 /3.80 L42.00 12.52
34.56 15.60 151.20 246
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#85.00 16.80 [70.95 a.

Figure 2~ Plan view and details of 42° sweptback wing and fuseloge. Wing
area =4728 sq in.; £=353/ in; aspect rafio=3.94. No dihedral or rwist.
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Figure 3.— Geomelry of flaps for 42° sweptback wing of
cireular-arc sections. All dimensions In inches.
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(a) Model installation.

Figure 4.- The 42° sweptback wing of symmetrical circular-arc
sections mounted in the Langley 19-foot pressure tunnel.
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(b) Details of leading=-edge flap.

Figure 4.- Continued.
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(c) Support-fairing details.

Figure 4.- Concluded.
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(a) Photograph of rake head.
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NATIONAL ADVISORY
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(b) Skefch of tube head.

Figure 5.— Langley [9-foot pressure tunnel air-
sfream survey rake.
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(c) Location of air-stream survey poinfs.

Figure 5.— Concluded.
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Figure 8 — Variation of G ,Cny, and Cy, with Gy of a 42° sweptback
wing of symmetrical circular-arc sections, lested alone oand with a
fuselage , in high-wing and low-wing combinations. '
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(a) High wing.

Figure 1ll.- Variation of sidewash angle and dynemic-pressure ratlio with height above fuselage
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